Isopentenyl-diphosphate isomerase: inactivation of the enzyme with active-site-directed irreversible inhibitors and transition-state analogues.
Seven analogues of isopentenyl diphosphate (1) and dimethylallyl diphosphate (2) containing fluorine, epoxy, and ammonium functional groups irreversibly inhibited isopentenyl-diphosphate:dimethylallyl-diphosphate isomerase (EC 5.3.3.2) from the mold Claviceps purpurea. Inactivation kinetics, substrate protection studies, and labeling experiments demonstrated that the analogues interacted stoichiometrically with the active site of the enzyme. Radioactive enzyme-inactivator complexes were stable to extended dialysis and treatment with chaotropic reagents. The complexes resulting from inactivation of isomerase by 3-(fluoromethyl)-3-buten-1-yl diphosphate (3) and 3,4-epoxy-3-methyl-1-butyl diphosphate (4) were also stable to ion-exchange chromatography and gel electrophoresis. Stoichiometric release of fluoride ion occurred during inactivation of isomerase with 3. This observation is consistent with SN2 or SN2' displacement of fluorine by an active-site nucleophile with concomitant covalent attachment of the inactivator to the enzyme. 2-(Dimethylamino)ethyl diphosphate (9) formed a stable noncovalent complex with isomerase with Kdis less than 1.2 x 10(-10) M. The enzyme-inhibitor complex was stable in 6 M urea, but the inhibitor was partially released upon treatment with SDS and 2-mercaptoethanol at 37 degrees C for 1 h. The results indicate that 9 is a transition-state/reactive intermediate analogue where the positively charged ammonium group mimics a tertiary carbocationic species in the enzyme-catalyzed reaction.